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It WRS noted t inat  runs s t a r k d  with an oxidant lend resulted in 
ei ther  r m g h  starts o r  C X p ~ O s i O n S ,  k-hilt? rums hcguri v l t h  a fuel lead were 
genemlly sacoth-starting. hl 

. IWTRODUCTTON 



It vas, therefore ,  t h e  in ten t ion  of the  present uork at t h e  N,$CA 
Levis laboratory t o  fu r the r  revea l  the  m t u r e  of the problem of  eff'i- 
c i e n t l y  burning liquid f luo r ine  and l iquM ammonia in a rocket  engine. 
Accorjtngly, the  performnce e f f i c i enc le s  of several d i f f e r e n t  i n j ec to r  
configurat ions were evaluated over a propel lan t  mixture range with this 
coyribhat i on in 100 -pound- this t , water-cooled rocke t  engines o p r a t  iog 
a t  a thmber pressure of 300 pounds per square inch absolute .  

Spec l f ic  impulse, chsra-c te r i s t lc  veloctty, thrust c n e f f l c i  P!I:~ and 
total heat  reJection were saXcul3ted frca c a ~ s u r e d  thrust, p r o p e l l m t  
~ L C W S ,  chaz3x.r presmre c o ~ l t l ~ i t  f l c w 2  erll c c n l u q t  t cype rn t ,u re s .  Cl.ip?es 

of the ;,t"-f~mq:i~e p.roxX?tors p l3 , l ; t cd  s p i i n s  t -.reight, p e  r c r n t  f u e l  ere 
E re RE '-~t ed . 

experimcnt,al specif  i c  iffipuisc correctecl fo r  chenber-pressure 
va r i a t ion ,  J.b-sec/lb 
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SOmC of the mre inpostant d~k2ns iuas  of the s i x  inJcctor6 used 
are present+* in table I. 



I n 6 t m i e n t a t  i on 
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whsre X is t2c q ~ r o a t z m t e  sJ.ope of the c u r v e  of I. aga ins t  log P, 
an3 :-s e q w l  to P8.55 for thia propel lan t  cciri!nation. 
cu rve  of these ccrr3ct ions p lo t t ed  a @ n s t  log 

1 ' 
llant flows provided the ;p.eans for c a l c a a t i n g  c 'auructerintlc w l o c i t y  
a@ t h r u s t  coefficient t o  a precisLon within 3 percent. 

Figui-e 6 is a 
P,. 

The Px-perimntd chamber prrssure together  xlth thrust a?. propel- I 

me hmt- re jec t ion  values presentcii were tizl averpge mer t h e  entire 
ccnbusticn ckmber,  n o ~ z l e  included, and were te37%F:n 2s the prcduct of  
o c t m t  s p r l  f l c  heat, flud rate,  m d  in]-et exd oatl.c!% tazreI-aiure 
iffereoce. 





Biux-3xt3 ocriQrre4 u i t h  txo i n j ec to r s  within 3 scconds of the  a t a r t  
the runs. The center  fare cf t he  6(2-1) i t iJectur ( f lg .  5(d)) burned 
bough desp i t e  efi 'orts t o  COOL the face  by d ive r t i ag  a po r t ion  of the 
d,mt flov through :.aeLl holes drilled ln  t h i s  face. 1 cne dinensions of t h i s  i n j e c t o r  v l t h  those of thc 4('2-l)(see t ab le  .L) 

IUS that the 6(2-i) injector bid 8 shorter jizplng eilt leng t,h and 
i~.-Aer distmce frcn impingzrnent po in t  t o  engine EGIS. 
? external mni fo ld ing  of t he  two f luo r ine  chmbeis  in the 6(2-1) 
Lg. 5(d)) re6ulteil ILD n 50-50 d ic t r ibu i ion  of fluorirle t o  t he  two 
d e r s ,  as opposed t o  tlie interrlal maif,>lriing ( ~ i g .  . ~ ( a ) )  used f o r  
2 4(2-1)  
2 imes ckmbber. .\iw GW, c r  CL-hlnation, of t;:,-se dlff . - renxes could 
IC  i iscl l ted i n  +,he burrling c u t  of t h u  d ( 2 - 1 )  In JPc to r .  

A craparison 

I n  .?ridition, 

whic!i prov?dcd f o r  1;s ~ c ~ c e n t  of the f l u o r i n e  f l o w  trir0rl~;kl 

D * - r - ~  -.-_ c+- r+si ci?*wtic cbefYacr pressure and t h rc s t  bJil.dup, were 
served at the ou t se t  of the  invest igat ion.  
e repor ted  i n  ref .  3 . )  
shor t  fluorine lead i n t o  the cksiber.  A n  extended o x i d m t  lead  of 
lproximately 2 t o  5 seconds r e su l t ed  i n  an explosion in t he  rocket 

( S i m i i r l r  O ~ S L L  v n t i v i i s  
l'he f i r i n g  procedure a t  t h a t  time ca l l ed  f o r  

to 
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(t) Impinging- Jet 
turbulence coil _ _  

c* *, 

t 

injector Frovidin,: for e i g h t  sets of one-oxidant-on-one-fuel Jets 31th 
A (O(1-1)CA) .  

- 

0.0U-in.  - diam. aPrmonia orificee 
0.018-in. - dlam. f luorine oriflcee 

(inner race) 
0.012-in. - dlam. f luorine orlflcee 

(outer race) 

(c)  Shoverhead injecior with 66 oxiciant orifices nnci 23, iuei uririceb. 

Figure 5 .  - Continued. InJectors investigated. 
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Fluartw 

-557 
C-28236 
-2970 

n. - dlam. cmn~mla orlflcea 
n.-dlsm.  flwarlna orlfloes 
n.- d i m .  fluorine orlflooa 

( 7 )  in conter face 

( d )  Impinging- Jet injector providing for six sets of two-oxidant-on-one-fuel jets with 
center face coolant holes (6( 2-1)). 

c-28ull 
(3-2971 

0.018-h.- dim.  ~ l f l c e .  
0.031- in. - dlam. flwlxa orlflcea . .  

. *  
[e) Doublecone injector. Iepfngiug- jet injector providing for impingement of eight 

fuel jets at  common paint inside concentric cone formed by eight oritbut otzemis. 

I t  Figure 5. - Concluded. InJectors imestimted. 
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IuJector Characterletlc 
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50 - 4(2-1) 
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(a) Ccmparieon of measured a d  calculated duets .  

Figure 7. - Theoretical a d  experlmtntal apeclfic lmpulee of l iquid %orina - 
l lquld ammonia io  100-poud-tbruet rocket engines. 
pc-tla~ per 5quL-e I m h  nbhnolatc, 

Chamber pressure, 300 
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InJ ector Cheracter ie t ic 
engine length, 

L+, in .  

4(?-1) 50 
, 

Fuel, weQht percent 

(a) Canpnrieon of calculated d corrected experimeatdl ralu-. 

Figure 7. - Concluded. Theoretical and experimental epeclfic impulee of liquid 
* fTu0riae - liquid aamnonia i n  100-pol;nd-thruat socket  en&-. Cluuuber pree- 

S'Ze, sm ?Cud8 p2r GyGiU%Z :=!I &b2Shts. 
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Injector 

- 4(2-1) 
---- 8( 1-1)CA 
+--- e( 1-1)cB 

L - - Showerhead 

Character 1st i c  
engine length, 

L*, in. 

50 

100 

--L- Theoretical, equiltbrium expansion 

27 

50 60 
Fuel, weight percent 

Figure 8 .  - Theoretical and experimental characteristic velocity of liquid 
fluorine - liquid ammonia in 100-pound-thrust rocket engines. 
?reaaimei p~imrln per quare Inch absolute. 

Chamber 
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Injector 

0 4(2-1) 

0 8( 1-1)CA 
0 8(1-1)cB 

A Shoverhead 

Experimental 
Theoretical, - - - -  

1 -6 [IT----- 
* 

Character i a t  IC 
engine length, 

I.', in, 

50 

" I  50 

1W 

equilibrium expana i o n  

10 20 30 4 0  60 
Fuel, weight percent 

Figure 9. ~ Theoretical and experhental thrust coefficient of liquid fluorine - 
liquid ansaonia in 1OO-pound-thrust rocket englnes. 
per square inch absolute. 

Chamber pressure, 300 pounds 
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